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(54) Method and apparatus for transmission diversity In wireless teiecomunication systems 
providing antenna and/or polarisation hopping sequences 



(57) Tiie invention relates to the overall spectral ef- 
ficiency of wireless telecommunication systems. 

It Is an object of the invention to provide a new and 
improved approach for reducing the necessary cluster 
size needed for logical channels and hence, to signifi- 
cantly Increasing the overall spectral efficiency. 

The Invention proposes for improving the overall 
spectral efficiency of wireless telecommunication sys- 
tems, in particular of mobile communication systems, 
the transmission of at least one muttif rame signal having 



a plurality of sub-frames with predefined logical chan- 
nels (BGCH, FCGH, SCH) repeatedly embedded in pre- 
defined sub-frames, wherein a transmitter diversity is 
applied using antenna and/or polarisation hopping se- 
quences such that during the transmission of respective 
one multiframe, each logical channel (BCCH, FCCIH, 
SCH) is transmitted at least two times with a different 
antenna and/or polarisation . 



LO 

o 

CO 

o 

CO 



Printed by Jouve^ 75001 PAWS (FR) 



EP 1 303 059 A1 



Description 

[0001] The Invention relates to a method and to a device for Improving the overall spectral efficiency of wireless 
telecommunication systems. 

5 [0002] As known by a person skilled in the art, several techniques have been proposed and partially Implemented 
to enhance the spectral efficiency of systems operating with the GSM-standard (Global Systems for Mobile Commu- 
nication). Techniques for enhancing the spectral efficiency are especially needed for operators, which suffer from limited 
capacities in particular due to a limited spectrum licenses, that is often the case for GSM operators, In particular in the 
USA. It is specific to GSM In contrast to other mobile standards, that there is the need to dedicate a big portion of the 

10 operator's spectrum for beacon purposes, which Includes for example signalling, paging and synchronisation. 

[0003] Even if there is only one beacon frequency for respective one base transmitter station (BTS), the spectrum 
Is wide due to a high cluster size of typically 15.. .18 cells. Considering an operator having a license for 5 MHz, this 
means that 3 to 3.6 MHz of the operator's spectrum Is given away for a single frequency, which accordingly is covering 
about 60 to 72 % of the total spectrum. In contrast thereto, a typtoal cluster size for traffte frequencies is about 1/3 of 

15 the beacon cluster size, I.e. around 5 to 6 ceils. 

[0004] In order to improve the overall total spectral efficiency different techniques are known and may be applied. 
[0005] One of these known techniques comprises the use of adaptive an^ays. However, systems incorporating such 
adaptive arrays are very complex. They need a lot of DSP (Digital Signal Processor) processing power and a huge 
effort with the radio frequency processing. Moreover, multi-carrier amplifiers are sometimes needed which are difficult, 

20 In particular concerning their designing for GSM because of high linearity requirements. Summarising, the costs are 
very high and such a system Is hard to be managed and to be planned. Additionally the adaptive arrays only enhance 
the spectral efficiency of the traffic portion of the operator's spectrum but do not improve the spectral efficiency with 
the portion of the spectrum, which Is used for the broadcast control channel (BCCH). Consequently, when using a 
system Incorporating adaptive anays still a lot of spectrum is wasted for beacon purposes. I.e. for example for the 

25 broadcast channel. 

[0006] A further known technique utilises the compact mode, fomnally the enhanced data rate through GSM evolution 
(EDGE) compact. Even if the improvement by running compact mode and also the effort for Its Implementation Is 
moderate, one of the problems with compact is, that it implies a totally new signalling scheme, whfeh existing mobiles 
are not able to decode. Accordingly, tills Is not a preferred solution for established networics or those who want to offer 

30 roaming for foreign users. 

[0007] Still another known technique proposes the use of transmitter diversity, i.e. TX diversity, through delay diversity 
enhancing the performance only for low dispersion profiles, like with urban scenarios. For rural applteations with late 
echoes however, a high time dispersion and perfonnance degrading Is a result. A further disadvantage is that depending 
on tfie number of artificial delay paths multiple transceivers are needed causing tills solution to be coastwise unattrac- 

35 tive. 

[0008] Still a further known technique consists of the use of TX diversity through antenna hopping using simple cyclic 
antenna hopping sequences. Antenna hopping or equivalent polarisation hopping or a combination of both does not 
suffer from the problem of increased hardware effort since it can be realised be means of additional software for the 
combination of baseband and synthesiser hopping. 

40 [0009] Since an antenna hopping scheme also is fomning a basis of the invention for the following description and 
the appended set of claims the term of antenna hopping is generally standing as a synonym for polarisation, too. 
[0010] The problem with cyclic antenna hopping sequences, however, is that only the signalling channels but not 
the synchronisation channels for frequency and time synchronisation are Improved, since for example the broadcast 
control channel is combined with other logical channels which partially are not organised in blocks of four bursts like 

45 the FCCH (Frequency Correction Channel) and the SCH (Synchronisation Channel). Accordingly, a simple cyclic an- 
tenna hopping sequence like ABABABAB with two antennas "A" and "B" or ABCDABCDABCDABCD with four antennas 
"A", "B", "C" and "D" Is neltiier a good solution. 

[0011] Thus an object of the invention is to provide with regard to the known state of the art a new and improved 
approach for reducing the necessary cluster size needed for logical channels and hence, to significantly increasing 
50 the overall spectral efficiency. 

[0012] The inventive solution is achieved by a method incorporating the features of claim 1 and by a device incor- 
porating the features of claim 1 0. 

[001 3] Advantageous and/or preferred embodiments or refinements are the subject matter of the respective depend- 
ent claims. 

55 [001 4] Accordingly, the invention proposes to transmit at least one multiframe signal having a plurality of predefined 
sub-frames with predefined logical channels repeatedly embedded therein by applying a transmitter diversity using 
antenna and/or polarisation hopping sequences such, that during the transmission of respective one multiframe each 
logical channel Is transmitted at least Iwo times with a different antenna and^or polarisation. 
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[0015] Thus especially with regard to the broadcast control channel which typically is combined with other logical 
channels, In particular the time and frequency synchronisation channel, at least partially not organised in blocks of four 
bursts, like the FCCH and the SCH, a good link even for these types of channels whteh are pre-requisite for any kind 
of a wireless communication is ensured. 
5 [0016] Thus, according to a preferred refinement the inventive approach is apt to transmit a multiframe signal, pref- 
erably a so-called 51 -multiframe-slgnai, with at least one of that logical channels embedded therein organised in blocks 
of a single burst, wherein such a logical channel practically comprises a frequency correction and/or synchronisation 
data. 

[0017] Preferably the inventive method utilises a none-cyclic hopping sequence applied. 
10 [0018] it has been tumed out that by applying the similar antenna or polarisation for the logical channels which are 
organised In blocks of a single burst It is further ensured that a mobile station is able to easily synchronise to a network 
if for example the frequency correction channel is detected since the synchronisation channel can be detected via the 
similar antenna or polarisation, too. 

[0019] According to the today's standards, it is further suggested to transmit respective two successive sub-frames 
IS with the same antenna and/or polarisation, since such time synchronisation channel is embedded directly after the 
frequency correction channel and hence, are successively read by the mobile station. Practically, a transmitter unit or 
transceiver device having at least two antennas is provided for the step of transmitting. 

[0020] Since a mobile station for synchronising to a network generally uses at least three trials to find and decode 
synchronisation channels, according to a very preferred embodiment a transmitter unit having at least two or more 
20 antennas is used. However, the number of antennas should matched the number of trials. 

[0021] However, by further Increasing the number of antennas, over whfeh Is hopped the benefits can be further 
improved. In particular the cell selection is improved as fading of the received (RX) level of which a mobile reports to 
the base station controller (BSC) or whteh a mobile uses to make selection of serving cell or measuring neighbour cells 
is reduced. 

25 [0022] Preferably, the transceiver device comprises at least two dual polarised antennas with a 10 lambda spacing 
or multiple antenna branches of artDitrary location and polarisation. Alternatively or in addition the transceiver devise 

comprises at least four vertical or horizontal polarised antennas. 

[0023] For allowing switching between given antennas or polarisation and/or means for perfonning baseband hop- 
ping respective switching means are provided. 
30 [0024] Furthemiore the described method can be implemented as a software product running within a transceiver 
device. 

[0025] Advantageously, the Inventive method and the adapted transceiver device are adapted to operate on GSM- 
based systems. 

[0026] Subsequently the invention is exemplary described in more detail. In particular on the bases of a preferred 
35 refinement and with reference to the accompanied drawings, in which: 

Rg. 1 is schematically depk:ting different proposals for antenna hopping sequences on the broadcast control chan- 
nel, and 

Fig. 2 Is showing the spectrum partitioning between the broadcast control channel and the traffic channels based 
40 on US-typical 5 MHz spectrum Itoenses in comparison to four different technologies. 

[0027] Referring first to Fig. 1 hopping sequences for a multiframe signal are depicted, wherein each multiframe 
comprises 51 -TDMA-subf rames for the transmitting of control channels which are not associated with a traff te channel 
(TCH). As knowri, the logical channels can be used only in certain combinations, for which the GSM-standard defines 

45 different channel configurations that are usually realised and offered from a base transceiver station (BTS). 

[0028] Thus, in particular if the BCCH-channel is combined with other logical channels which partially are not organ- 
ised In blocks of four bursts like the FCCH (Frequency Con-ection Channel) and the SCH (Synchronisation Channel) 
the Invention proposes a special irregular antenna hopping scheme or sequence for ensuring a good link for all types 
of channels, especially such synchronisation channels like the FCCH for frequency synchronism and the SCH for time 

50 synchronism. 

[0029] Both of these channels, i.e. the FCCH and the SCH are a necessary pre-requislte for any kind of wireless 
communication, since when a mobile starts to log on a networic It first searches the FCCH and than reads the SCH 
with the next time frame and the succeeding BCCH. 

[0030] From this point of view the standardised channel combinations IV and V are quite similar for designing a 
55 hopping sequence as the FCCH and SCH are located at identical positions. The channel combination IV is Incorporating 
a combination of the BCCH with the synchronisation channels FCCH and SCH for frequency and time as well as wrth 
common control channels CCH. The channel combination V is additionally incorporating stand-alone dedicated control 
channels SDCCH and slow associated control channels. These two standardised channel combinations IV and V, 
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based on 51-multrframe signals respectively having the numbered subframes 0...50, are schematically depicted in 
columns C|v and Cy of Fig. 1 , respectively. As can be seen therefrom the FCCH is located within the subframes 0,10, 
20, 30, and 40 whereas the SCH is located within the subframes 1 , 11 , 21 , 31 and 41 . 

[0031] A most critical constraint is that these frequency correction and time synchronisation channels only consist 
5 of a respective single burst In contrast to the other logical channels incorporated by the standardised combinations, 1. 
e, to the common, dedicated and/or associated control channels CCH, SDCCH or SACCH, which are arranged re- 
spectively through blocks of four bursts. Accordingty, the frequency correction channel FCCH and the time synchroni- 
sation channels SCH do not profit from redundancy by means of a wide interleaving over a block. 
[0032] Moreover, for ensuring that also the time synchronisation channel SCH should be received well for the case 
10 the FCCH Is received well by the mobile station both channels should preferably use the same antenna. 

[0033] Based on the channel combinations IV and V according to the columns C,v and Cy of Fig. 1 . the SCH is 
transmitted with the respective successive timeslot following the FCCH and hence, the mobile station reads the SCH 
directly after the FCCH. Hopping sequences covering that object are shown by Fig. 1 wherein proposals of Inventive 
hopping sequences are depicted in columns b) and c) based on four antennas ABCD and in column e) based on two 
15 antennas AB. 

[0034] Preferred structures of inventive hopping sequences include a non-cyclic hopping scheme and/or a hopping 
scheme which ensures that respective two different successive logical channels are transmitted by the same antenna. 
[0035] Such preferred sequences are therefore ensuring that the mobile is able to synchronise the network if it has 
detected an FCCH. However, generally the used methodology of the mobile stations for the synchronisation to a network 

20 comprises that a trial of at least three times is applied to find a block of ten bursts, which starts with a FCCH, SCH and 
two control channels. Consequently, nonmally within the three trials of the mobile station during the length of one 
multiframe, three different antennas should send the synchronisation channels. From that perspective it is suff teient to 
change the antennas or even the polarisation at least two or three times for the defined positions of the FCCH and 
SCH within the transmission of one multiframe. Based on the invention, It can be assumed that enough time is passed 

25 before the re-use of the respective antennas Is performed, as this provides enough channel de-corretation. 

[0036] However by increasing the number of antennas over which is hopped, the cell selection is further improved 
as the fading on the receivers level, of whteh a mobile station reports to the base station controller or makes use for 
the selection of a serving cell, is reduced. 

[0037] Regarding Fig. 1 in detail, various inventive proposals for antenna hopping sequences on the BCCH are 
30 Shown. The columns a), b) and c) refer to hopping sequences of four antennas ABCO, whereas the columns d) and 
e) refer to hopping sequences of two antennas. 

[0038] Also there are a plurality of further possible hopping sequences these columns already show the essential 
differences. 

[0039] As mentioned above, one of the problems is that the length of the multiframe on a BCCH is 51 , a number, 
35 which can not be divided by 4, 3 or 2, i.e. the number of antennas, polarisation's and/or combinations. Consequently, 
a hopping scheme would always differ per multiframe if It runs continuously. Even this would make a sense in some 
cases It should be ensured that the frequency correction channel, i.e. the FCCH Is sent from all antennas and that no 
antenna is prefen-ed within a multiframe. 

[0040] RegartJing first such a known simple cyclic hopping, as depicted by column a), it is obviously for a person 
^ skilled in the art that if such a hopping scheme would run continuously in a multiframe only the two antennas A and C 
out of the four antennas are used for the FCCH and the other two antennas B and D are used for the SCH. 
[0041] With the scheme according to columns b) and c) of Fig. 1 all four antennas A, B, C and D are used within a 
multiframe for a pair of the frequency connection and the time synchronisation channel FCCH or SCH and thus signif- 
icantly improves the reception quality of the mobile station, since within the shortest time all four antennas are used. 
^5 For example, according to ETSl standard GSM 05.08 only 0,5 sec time is allowed to get synchronised. From this aspect 
it is clear, that any technique is beneficial to help speeding up the time to get synchronised. 
[0042] Furthennore, with both hopping sequences it is ensured that enough time is passed by re-using the respective 
antennas. As the SCH is always sent by the same antenna as the FCCH according to the sequence "AABCDABCD- 
ABBCDABCD..." of column b), the scheme "AABCDABCDABBCDABCD..." according to column c) slightly divers from 
50 column b) in that the respective SCH and the FCCH are sent not always by the same antenna, such as for example 
during the timeslots 40 and 41 . Moreover a prioritisation of antenna A for the synchronisation channels is avoided 
according to column c). 

[0043] For the sequences based on a two antennas A and B hopping case, two proposals identified by columns d) 
and e) of Fig. 1 are depicted. 

55 [0044] The sequence according to column d) reflects the known simple cyclic hopping which in turn has the disad- 
vantage that within a multiframe only one antenna is used for the FCCH and the other for the SCH. Thus, if a mobile 
statk>n would be In a fading hole with respect to antenna 8 for example, it would be able to synchronise in frequency 
but not In time. For the next multiframe it would appear the other way around. 
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[0045] With the sequence "AABABABABABBA..." according to column e) of Fig. 1 both antennas A and B are used 
in an alternating manner within a multiframe for the respective succeeding frequency correction channel and the time 
synchronisation channel. Since both antennas A and B are used for both channels, wherein each antenna is respectively 
used for a pair of the FCCH or SCH, the reception quality of the mobile station is significantly improved. Thus, If a 
5 mobile station would be In a fading hole with respect to antenna B for example, it would still be able to synchronise in 
frequency and in time. 

[0046] The last row of Fig. 1 1ncludes a counter concerning the times an antenna Is used per multiframe. This should 
be nearly equally distributed in order to ensure that the Improvement of cell selection Is present, as mentioned above. 
[0047] In the past, a very strong constraint against reducing the cluster size for the BCCH-support channel signifi- 
10 cantly, i.e. to reduce the reuse distance to cells using the same frequency, was the loss of synchronism of the mobile 
station with the network. According to practical experiences In the US, where sometimes an aggressive cluster size of 
twelve cells is used with a 5 MHz spectrum, it is reported that often BSIC (Base Station identity Code) decoding probr 
lems are the cause for dropped calls and unsuccessful handovers. 

[0048] Accordingly, the Invention talces care to allow the mobile station to synchronise even when not moving and 
15 staying in a fading hole, which Is the worst case, since the SCH also contains the BSIC (Base Station Identity Code) 
which consists of the NCC (Network Colour Code) and BCC (Base Station ColourCode) . Thus, the invention fs ensuring 
that the mobile is able to decode this BSIC as it first assists in the decision whether the base station is belonging to 
the correct network and second what the name of the base station to be reported to the base station controller for 
handover decisions is. 

20 [0049] Consequently the use of the Invention enables a network planner to assign fewer frequencies for the BCCH 
reuse pattem and hence to reserve an additional spectrum for traffic channels TCH. Due to the result of additional 
spectrum for traffic, additional radios can be plugged into a base transceiver station (BTS) for a given spectrum that 
can obtain additional capacity. 

[0050] Fig. 2 schematically illustrates this spectral efficiency gain based on a 5 MHz operator spectrum, whteh can 
25 be regarded as the typical case, In parttoular for the US. 

[0051] According to Fig. 2 four examples a), b) c) and d) of a spectrum partitioning between the BCCH and traffk: 
channels are depicted, wherein each of the examples based on a total spectrum of 5 MHz. 

[0052] Regarding example a) representing the current standard, three carriers are supported, with a BCCH earner 
covering a cluster of 15 ceil and two traffic channels, each of which adapted for a cluster size of 5. Consequently the 

30 spectrum reserved for the BCCH is 3 MHz and for each of the traffic channels 1 MHz. 

[0053] According to the example b) representing a transceh^er diversity with two antennas the cluster size for the 
BCCH has to be 9, so that the spectrum partitioned for the BCCH includes 1,8 MHz. With regard to the traffic channels, 
three carriers can be provided, one of which Is covering a cluster size of 6 and two of which covering a cluster size of 
5 cell, and hence, having respective spectrums of 1 ,2 MHz or 1 MHz. 

35 [0054] According to the example c) representing a transceiver diversity based on four antennas five can^lers can be 
supported, one of which for the BCCH and the others for the traffic. Furthemiore, the cluster size of the BCCH merely 
comprises 6 and hence Is representing a spectrum of 1 MHz, whereas each of the cluster sizes for the traffte channels 
is 6, with each TCH-carrier having 1 MHz. 

[0055] Finally with respect to adaptive antennas according to the example d) of Fig. 2 the cluster size of the BCH 
^ has to be 1 5, i.e. 3 MHz and the cluster sizes for the three traffic channels are 4, 3 and 3 covering a respective spectrum 
of 0.8 MHz, 0.6 MHz and 0,6 MHz. 

[0058] The following table shows a detailed cateulation of spectral efficiency, wherein a four antenna hopping based 
on the optimised antenna hopping sequences is estimated to allow for a duster size of five with the BCCH as discussed 
with respect to Fig. 2. 

45 



55 





standard 


2-TX-diverslty 


4-TX-diversity 


adaptive any 


configuration 


15-5-5 


9-6-5-5 


5-5-5-5-5 


15-4-3-3 


no. of carriers 


3 


3+1=4 


3+2=5 


3+1=4 


average clustersize 


8.33 


6.25 


5 


6.25 


total spectrum 


5MHz 


5MHz . 


5MHz 


5MHz 


BCCH spectrum 


3MHz 


1.8MHz 


1MHz 


3MHz 


traffic spectrum 


2MHz 


3.2MHz 


4MHz 


2MHz 


no. Of fullrate channels 


22 


30 


38 


30 
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(continued) 





standard 


2-TX -diversity 


4-TX-diversity 


adaptive any 


rel. gain in no. Of fullrate channels 




+36% 


+72% 


+36% 


candied traffic (2% bloclcing) 


14.6 Erf. 


21 ErI. 


28,58 ErI. 


21.5 ErI. 


Capacity gain 




+47% 


95.8% 


+47% 


capacity gain compared to TX-diversity. 








-24.8% 


Spectral efficiency 
[Erl/sector/MHz] 


2.92 


4.3 


5,72 


4.3 



[0057] Based on this estimation a spectral efficiency gain of around 96 % in contrast to 47 % with an adaptive an^ay 
can be obtained. As another result it can be seen that a two antenna hopping delivers around the same performance 

than an adaptive an^ay. 

[0058] Consequently the invention is Improving the frequency and time synchronisation channels and by that the 
BSIC decoding. Since this is a pre-requislte for smaller cluster size on BCCH the overall spectral efficiency is improved 
resulting in a high increase. 

[0059] For the implementation it should be mentioned that the inventive antenna hopping sequences can be imple- 
mented by use of a simple switching device adapted to switch between the antennas or polarisation. This however 
may result in additional power losses and a transceiver unit having such a switching device usually has a more disturbing 
temperamental nature. However, it has to be mentioned, that switching of high power RF signals is difficult due to 
linearity and power dissipation issues. Thus, it is prefen-ed to exchange the respective transceiver units according to 
the desired hopping sequence, I.e. to respectively exchange in appropriate manner the transceiver for the BCCH and 
the transceiver for the TCH, each of these units respectively connected to a separate antenna. Consequently, the 
inventive antenna or polarisation hopping sequences are preferably Implemented through a combination of a baseband 
and synthesiser hopping, in particular by means of an appropriate Implementation software. 
[0060] For example, a typical BTS is able to support three sectors with four antenna branches each from the per- 
spective of available antenna connectors. Thus, a new unit comprising two TX-bandpasses would be needed. The 
effort and costs caused thereby can be considered low. 

[0061] Furthennore, regarding the antenna configurations it Is not necessary for the implementation of an inventive 
hopping sequence based on for antennas to set up for individual vertical polarised and widely spaced antennas to 
enable such hopping scheme. Alternatively two dual polarised antennas with 10 lambda spacing can be chosen for 
example with regard to the 1 900 PCS and other GSM bands. 

[0062] If however an other polarisation than vertical is forbidden, as for example by FCC In the cellular 850 MHz 
band, the only possible set-up for this band is to chose four individual vertically polarised antennas, each spaced 10 
lanrtbda. 

[0063] Even the invention is described based on a GSM standard, it should be obvious for a person skilled in the 
art, that the invention further is covering embodiment slightly modified to comply with other wireless telecommunications 
standards, such as UMTS, GPRS or EDGE (enhanced data rate through GSM evolution). 

Claims 

1 . A method for improving the overall spectral efficiency of wireless telecommunication systems, in particular of mobile 
communication systems, the method comprises the steps of 

transmitting at least one multiframe signal having a plurality of sub-frames with predefined logical channels 
(BCCH, FCCH, SCH) repeatedly embedded In predefined sub-frames. 

wherein the step of transmitting Is perfomned by 

applying transmitting diversity using antenna and/or polarisation hopping sequences such that during the trans- 
mission of respective one multiframe, each logical channel (BCCH. FCCH, SCH) is transmitted at least two 
times with a different antenna and/or polarisation. 

2. Method of claim 1 . wherein at least one of said logical channels (FCCH. SCH) Is organised in blocks of a single burst. 
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3. Method of 1 or 2, wherein a definable number of logical channels (BCCH, FCCH, SCH) repeatedly embedded In 
predefined sub-frames comprises frequency correction and/or synchronisation data. 

4. Method of any of the preceding claims, wherein a non-cyclic hopping sequence is applied. 

5 

5. Method of any of the preceding claims, wherein the similar antenna or polarisation for a frequency connection 
channel (FCCH) and/or synchronisation 

6. Method of any of the preceding claims, wherein respective two successive sub-frames are transmitted with the 
10 same antenna and/or polarisation. 

7. Method of any of the preceding claims, wherein at least two antennas and/or polarisation are provided for the step 

of transmitting. 

15 8. Method of any of the preceding claims, wherein the hopping sequence is perfomied trough a combination of base- 
band and synthesiser hopping. 

9. Method of any of the preceding claims, wherein a least one 51-multlframe signal Is transmitted. 
20 10. Transceiver device adapted to perfonn the method of any of the preceding claims having 

- means for transmitting at least one multiframe signal having a plurality of sub-frames with predefined logical 
channels (BCCH, FCCH, SCH) repeatedly embedded In predefined sub-frames, and 

- means for applying transmitting diversity using antenna and/or polarisation hopping sequences such that dur- 
25 ing the transmission of respective one multiframe, each logical channel (BCCH, FCCH, SCH) is transmitted 

at least two times with a different antenna and/or polarisation 
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Fig. 1 
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